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Characterization of in vitro amyloid fibril formation from bovine serum albumin and
gamma globulin using thioflavin T fluorescence and polyacrylamide gel electrophoresis
Carissa Schieffer and Dr. Myoung Lee E. Lee
Department of Chemistry, Winona State University, Winona, Minnesota

ABSTRACT

MATERIALS AND METHODS

RESULTS AND DISCUSSION

Amyloid fibrils are insoluble protein aggregates that disrupt normal cell functions causing
over 20 serious human diseases including Alzheimer’s disease, Parkinson’s disease, and
diabetic amyloidosis. In an effort to study formation and degradation of amyloid fibrils,
we studied the in vitro formation of amyloid fibrils using bovine serum albumin and
gamma globulin and the inhibitory effects of epigallocatechin gallate and gallic acid using
fluorescence studies and polyacrylamide gel electrophoresis. Thioflavin T binds to
amyloid fibrils and shows characteristic fluorescence. The fluorescence spectra of
thioflavin T-bound gamma globulin amyloid fibrils showed the excitation maximum of
420 nm and the emission maximum of 482 nm. We studied the formation of gamma
globulin amyloid fibrils at pH levels ranging from 2 to 7. The formation of gamma
globulin amyloid fibrils was accelerated at low pH (pH 2-3.5) at 25oC without the
addition of seed fibrils. The amyloid formation was directly dependent of protein
concentration and the optimum protein concentration was 0.1 - 0.8 mg/mL without a lag
phase. Centrifugation at 14,000 G for 10 minutes or filtration using 0.2 micrometer filters
did not significantly remove amyloid fibrils as evidenced by polyacrylamide gel
electrophoresis. We tested epigallocatechin gallate and gallic acid to determine the effect
they have on the formation of the fibrils. Gallic acid had no effect on the formation
whereas epigallocatechin gallate accelerated the formation of the fibrils.

All materials were obtained from Sigma Aldrich and BioRad. For polyacrylamide
electrophoresis, filter-sterilized samples of gamma globulin and BSA in 50 mM
acetate/50 mM phosphate buffer at pH 2.5 were incubated at 25oC for 24 hours. For
ThT fluorescence studies, filter-sterilized samples of gamma globulin, water and ThT
solutions in 50 mM acetate/ 50 mM phosphate buffer at pH 2, pH 2.5, pH 3.5, and pH
7 were prepared in a 96-well plate and fluorescence was monitored using a Molecular
Devices SpectraMax M5 microplate reader. Fluorescence was monitored by excitation
at 420 nm and emission at 482 nm every 5-10 minutes for 16 hours. Samples of
varying concentrations of filter-sterilized gamma globulin, ThT, EGCG, GA were
also studied in triplicates. ThT concentration was 9.6 mg/mL (30 mM). EGCG
concentrations were 0.16 – 0.53 mM and GA concentrations were 0.47 – 1.41 mM.
All experiments were performed in triplicates.

CONCLUSIONS
Figure 1: SDS PAGE Most of the protein samples were recovered indicating no
proteolytic degradation after 24-hour incubation at 25oC. Neither centrifugation nor
filtration removed the amyloid fibrils from solution (data not shown).

INTRODUCTION

Figure 2: Native PAGE of gamma globulin and BSA samples incubated for 24
hours and made the day of the experiment. As expected, BSA did not show any
change indicating that the amyloid fibril formation did not occur within the time
period. Gamma globulin showed a marked decrease in the concentration
indicating that the amyloid fibril formation has occurred.

Amyloid fibrils are insoluble protein aggregates that can be formed spontaneously in
human cells. Amyloid fibrils are formed by long polypeptides stacking on top of each
other, forming a cross-beta sheet rich structure as seen in image 1. Since they are
insoluble, when they are inside or outside of the neurons, the aggregated protein blocks
off and restrains the neurons. The blocking of these neurons may lead to diseases such as
Parkinson’s and Alzheimer’s disease.

Graph1: Fluorescence intensity of ThT- gamma
globulin amyloid complex as a function of pH. At pH 2,
the amyloid formation forms the fastest followed by pH
2.5, pH 3 and 7. There is no lag time in the formation
and no seeding was necessary.

Graph 2: Absorption spectrum of ThT-gamma
globulin amyloid complex from 340 nm to 480 nm.
Absorption maximum was 420 nm.

Graph 3: Emission spectrum of ThT-gamma globulin
amyloid complex from 450 to 560 nm at different
concentrations of gamma globulin. The maximum
wavelength was determined to be 482 nm.
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Graph 4: ThT-gamma globulin amyloid complex as a function of gamma globulin
concentration. The excitation and emission wavelengths (420 nm and 482 nm)
were similar to the reported values for ThT-amyloid complex in Alzheimer’s
disease (440 nm and 485 nm).

Graph 5: Final fluorescence intensity of ThT-gamma globulin amyloid
complex as a function of gamma globulin concentration. This shows a linear
trend from 0.1 to 0.8 mg/mL.
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Image 3: Left, chemical structure of ThT. Middle, chemical structure of EGCG. Right, chemical structure of GA

EGCG is the most abundant type of natural phenol and antioxidant in tea. It is one of the
most commonly used substances in dietary supplements. EGCG has been identified as a
compound that can bind to ThT- amyloid complex in Alzheimer’s disease and remodel
amyloid fibrils, reducing the ThT fluorescence and converting the fibrils to aggregates that
are less toxic to cells (Bieschke et al., 2010). GA is a type of phenolic acid, which are
found in gallnuts, sumac, witch hazel, tea leaves, and oak bark. GA is known to inhibit
formation of amyloid fibrils in Alzheimer’s disease even thought it does not bind directly
to the fibrils (Liu et al., 2013). Our aim was to develop a model system that will allow us
to study agents that inhibit the formation of amyloid fibrils and/or facilitate its
degradation.

Future experimentation would include studying the formation of amyloid fibrils in the
presence of metal ions such as Cu and Zn ions. One experiment was already
completed using Cu and Zn ions, however there wasn't sufficient data to conclude
anything significant. It was shown however, that Cu ion might have increased the rate
of formation whereas there was no change with Zn ion. Using higher concentrations
of these ions might help us determine if these ions have an influence on the formation
of the amyloid fibril formation. Another experiment would be to use a short chain
fatty acids. We hypothesize that these will have an influence on the rate of formation
because they are amphipathic, therefore they could directly interact with the gamma
globulin to inhibit the amyloid formation.
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Image 2: Image on the left shows the 3D model of
BSA.. The pink swirls represent alpha helices in
BSA (Bujacz et al., 2014). The image on the right
shows the 3D model of part of gamma globulin.
The yellow arrows indicate beta sheets (Wang et
al., 2013).

We hypothesized that gamma globulin, due to its secondary structure, will form the
amyloid fibrils (cross-beta sheet) more readily than BSA. The effects of pH,
epigallocatechin gallate (EGCG), and gallic acid (GA) on the fibril formation were studied
using thioflavin T (ThT) fluorescence. ThT is an agent which binds to amyloid fibrils and
gives off fluorescence.

Neither centrifugation nor filtration had any effect on removing the fibrils.
Gamma globulin forms amyloid fibrils more readily than BSA.
The ideal pH for the formation of gamma globulin amyloid fibrils is pH 2.
The optimum wavelength for excitation was 420 nm.
The optimum wavelength for emission was 482 nm.
Gallic acid had no effect on the formation of the fibrils whereas epigallocatechin
gallate actually accelerated the formation of the fibrils.

FUTURE PLANS

Image 1: Models of amyloid fibrils. (a) View down the long
axis of the fibril (Tycko, 2002). (b) Shows the direction that
the amyloid fibrils are formed (Carulla et al., 2005).

Amyloid fibrils can be formed from any proteins under certain conditions. In our study,
we used bovine serum albumin (BSA) and gamma globulin which are proteins abundant
in bovine blood. Gamma globulin is an antibody while BSA is the main protein in blood
which binds numerous ions and proteins. Because of its negative charge, bovine serum
albumin binds water, salts, fatty acids, vitamins and hormones and carries these bound
components between tissues and cells. BSA and gamma globulin are used in this study
due to their marked difference in the three dimensional structures. Image 2 shows that the
secondary structure of BSA is constituted by alpha helices and that of gamma globulin is
constituted by beta sheets.
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Graph 6: Fluorescence intensity of ThT-gamma globulin amyloid complex in the

Graph 7: Fluorescence intensity of ThT-gamma globulin amyloid complex in the

presence of EGCG. This shows that the presence of EGCG increases fluorescence
intensity of ThT- gamma globulin amyloid complex. EGCG has been shown to
interact directly with ThT-amyloid complex in Alzheimer’s disease and decrease its
toxicity but in our study, EGCG increases the formation of ThT-gamma globulin
amyloid complex significantly. This may result from EGCG directly interacting with
amyloid fibrils stabilizing the cross-beta sheet structure which interacts with ThT.

presence of GA. This shows that the presence of GA doesn’t have a significant
effect on the formation of the amyloid fibrils.
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